Source modelling in magnetoencephalography (MEG) requires precise co-registration of the sensor array and the anatomical structure of the measured individual's head. In conventional MEG, positions and orientations of the sensors relative to each other are fixed and known beforehand, requiring only localization of the head relative to the sensor array. Since the sensors in on-scalp MEG are positioned on the scalp, locations of the individual sensors depend on the subject's head shape and size. The positions and orientations of on-scalp sensors must therefore be measured at every recording. This can be achieved by inverting conventional head localization, localizing the sensors relative to the headrather than the other way around.
ence devices (high-T c SQUIDs). The method provides accurate estimates of individual sensor positions and orientations with short averaging time (≤ 2 mm and < 3 degrees, respectively, with 1-second averaging), enabling continuous sensor localization. Calibrating and jointly localizing the sensor array can further improve the localization accuracy (< 1 mm and < 2.5 degrees, respectively, with 1-second coil recordings).
We demonstrate source localization of on-scalp recorded somatosensory evoked activity based on co-registration with our method. Equivalent current dipole subject's head and digitizing their positions with respect to landmarks (e.g., 18 fiducials) on the head. Energizing the coils at different times and/or frequencies 19 and detecting the distribution of the magnetic fields they generate (with the 20 MEG system) allows accurate localization of the coils relative to the MEG 21 sensor array [5, 6] . In order to localize the coils in such a way, the positions 22 and orientations of the sensors relative to each other have to be known. This 23 presents an issue when using flexible sensor arrays in on-scalp MEG. Because the 24 sensors in such a system would be at least partially independently positioned, 25 the sensors' relative positions and orientations vary from subject to subject, 26 and from session to session. Instead of a one-time calibration as used with 27 rigid, whole-head sensor arrays, it is necessary to determine the sensor locations 28 for each MEG recording session. 29 Measuring all the sensor positions and locations in a full-head array manu-30 ally would be very time consuming and cumbersome, especially in arrays with 31 high channel count. We have therefore developed and simulated the efficacy of 32 a method for localizing independent MEG sensors with an array of small, mag-33 netic dipole-like coils attached to the subject's head [7] . Herein, we present the 34 implementation of this sensor localization method in MEG recordings with a 7-35 channel high-T c SQUID-based on-scalp MEG system. We furthermore validate 36 its utility by using in source localization of somatosensory evoked fields. For an array of on-scalp MEG sensors recording a set of magnetic dipole-like coils (e.g., head position indicator, HPI, coils), the signal generated at the kth magnetometer by the jth magnetic dipole whose moment is m j can be defined as
3 where L m is the lead field, r j,k = r j − r k a vector defining the location of the 40 dipole j relative to sensor k, n k = |n k |n k a vector combining the orientation 41 (n k ) and sensitivity (|n k |) of sensor k, and m j the magnetic moment of dipole 42 j.
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The position and orientation of a magnetic dipole is fit to recorded data S rec k,j by finding the dipole location that minimizes the residual variance between the data and the calculated signals.
).
(2)
As described in [7] , the standard coil localization procedure can be adapted to determine the position and orientation of an individual MEG sensor with respect to an array of coils by simply swapping the roles of magnetometers and dipoles:
arg min
The on-scalp MEG system used here employs seven sensors that are fixed relative to each other in a single cryostat [8] . When multiple sensors are fixed relative to each other it is, in principle, possible to improve their localization by taking into account the array's geometry [7] . Instead of solving eq. 3 for each sensor individually, the array can be combined into a single localization routine, wherein a single rigid transformation (rotation and translation) is applied to the whole sensor array. The number of parameters to be estimated is thus reduced by a factor of 7 compared to localizing the sensors individually. In this case, eq. 3 is replaced by:
where T and R describe the 3-dimensional translation and rotation applied to To reduce the impact that noisy sensors can have on the localization accu-48 racy, the sensors can be weighted according to their signal-to-noise ratio when 49 summing the residual variances in eq. 4.
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where w k = SN R k k SN R k is the weight applied to the k-th sensor. 
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At the beginning of each recording the subject was recorded in the TRIUX 96 system. These recordings were used to localize the underlying neural activity 97 and project the resulting neuromagnetic fields onto the scalp surface. Such field 98 maps were used to guide the placement of the cryostat (i.e., the red markers in 
where r l and r k denote the positions of the localized sensors l and k, r * l and r * k their respective positions according to the reference (e.g., the system design), and N=7 the number of sensors. The sum is divided by N-1 because the term for l=k is always zero. This metric is only useful for evaluating individual sensor fits because distances between sensors are constant and determined by the sensor array when jointly localizing the sensors (because the positions are a result of rigidly rotating and translating the sensor array). Analogously, we can estimate the relative localization accuracy with respect to the orientation as the average deviation of the angles between the estimated sensor orientations from the angles between the reference sensor orientations:
where n l and n k denote the orientations of the localized sensors l and k and n * l 155 and n * k their orientations according to the reference (e.g., the system design). 
Results

186
The Fourier spectrum of a coil recording is shown in sors from the distances between sensors in a reference array, ∆XD( r k ). In this 210 case, we used the design of the system as the reference and again present results 211 for different lengths of coil recording segments t trial . On average all channels 212 differ by less than 1 mm from the design already with 1-second coil record- 
Discussion
251
With ≤ 2 mm and < 3 degrees for 1-second coil recordings, the sensor local- the coil recordings showed no interference at frequencies below 500 Hz (see Fig.   267 2). Furthermore, in cases where neural signals of interest coincide with the coil 
